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LArTPC Pixelated Readout



Why pixels?

Å True 3D imaging                                            

Unambiguous, inherently 3D raw data

Å Self-triggered pixel-by-pixel data        

~100% livetime

Technical challenge: instrumenting 

~2000 m2 anode area at 4 mm 

granularity Ą requires scalable design

Two existing LAr pixel readout efforts 

discussed here:

QPix

LArPix
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Traditional wire readout

(MicroBooNE ’data)

View 1

View 2

View 3

Pixel readout

(LArPix cosmics data)



QPix
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QPix Concept
Original QPix scheme delineated by Dave Nygren 

(UTA) and Yuan Mei (LBNL) 1809.10213

Datum: 

Å ɝQ = Reset Time Difference (RTD)

Å 64 bits (including 32 bit timestamp)
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Transistor-level charge integration simulation for 

minimum-ionizing track in LAr for 1 fC threshold

https://arxiv.org/abs/1809.10213


QPix ASIC 
180 nm Implementation

Å Front-end prototype (Penn)  

Åcharge replenishment

Åñbasicò reset

Å Ring oscillator and 10-bit r2r DAC (Hawaii)

Å FPGA-implemented digital readout (Hawaii)

Å4 (2x2) digital FPGAs with 16 optional IO pins per 

FPGA

ÅOptional 50 MHz ñglobalò clock or 4x48 MHz 

internal clock

Ą Submission targeted for August 2022                        

ïtest structures and 16 channel chip
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QPix ASIC 
65 nm Implementation

Å Front-end design (FNAL) 

Åcharge replenishment circuit evaluation

ÅBandwidth study with ideal components 

ÅFirst version of the low power front end 
amplifier

Ådynamic vision sensing evaluation for 
asynchrounous photon detection

Å Further work dependent on resource availability 
at FNAL

Ą Submission targeted in 12-15 months timescale 
(16 channel chip)
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